One of the most interesting processes that occur in organic materials is the resonance-energy transfer. This process can be useful to further enhance the efficiency of devices based on organic molecules. Here we will investigate theoretically the resonance-energy transfer (RET) process between a para-hexaphenyl (p6P) unit and a α-sexithiophene (6T) unit.
Introduction
One of the most interesting processes that occur in organic materials is the resonance-energy transfer. This process can be useful to further enhance the efficiency of devices based on organic molecules. Here we will investigate theoretically the resonance-energy transfer (RET) process between a para-hexaphenyl (p6P) unit and a α-sexithiophene (6T) unit.
Methods
Theoretical calculations using Density Functional Theory (DFT) and its Time-Dependent approach (TDDFT) were also carried out in order to obtain equilibrium energies, geometries and frequencies for both ground (S 0 ) and first excited (S 1 ) states of p6P and 6T. These properties allow us to better understand the mechanisms behind the absorption and emission processes involved in the isolated molecules and to build a qualitative model to understand the energy transfer in the p6P/6T complex.
Geometries, frontier orbitals and total energies of ground state (S 0 ) and first excited state (S 1 ) of p6P and 6T were obtained using DFT. We make use of two different DFT functionals: i) the M06-2X functional, [1, 2] which has proven to properly describe the spectroscopic properties of these type of systems [2, 3] and ii) the CAM-B3YP functional, that has a good track record in the description of the electronic processes in organic molecules. [4, 5] Artigo Geral 64
The 6-31G(d) basis set was used for all calculations presented here. This basis set was chosen due to the relative large size of the systems under investigation in addition to the successful reproduction of the absorption and emission data of short oligomers. [5, 6] All simulations were carried out using the Gaussian'09 program suite. [7] Results and Discussion Figure 1 shows the ground state (S0) HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbitals) wavefuction for both p6P and 6T.
In solid state, both p6P and 6T are observed to be linear and planar molecules, in both ground and excited states. Thus, in order to better compare the experimental results with our calculations, we also optimized p6P and 6T subjected to the constraint of being planar, and evaluated the impact of this constraint in the S0 → S1 transition energy, which is also included in Figure 1b .
The impact of planarization is larger on p6P than on 6T, as expected from the larger deviation from planarity presented by the former oligomer. A comparison between the HOMO-LUMO gap of the two planar structures shows that p6P has still a larger gap compared to 6T, but the difference between the two has reduced from 1.39 eV, in the twisted form, to 0.46 eV in the planar (solid-state like) form.
The results for M06-2X shows a similar trend, although the mismatches between the gap of p6P and 6T were computed to be 1.37 eV and 0.837 eV, respectively. This small difference (on the order of tenths of eV) in the HOMO-LUMO gap and the fact that p6P has a larger gap compared to 6T already suggests that p6P can absorb a higher energy photon and transfer this energy to 6T, as it was observed for other thiophene-based systems.
To further characterize this energy transfer, a simulation of the vibronic resolved absorption spectrum of 6T together with the counterpart emission spectrum of p6P must be carried out. 
Conclusions
Theoretical calculations in the framework of Density Functional Theory were used to characterize the potential energy surfaces of the ground (S0) and first excited (S1) states of p6P and 6T. By a comparison between the energy gap related to the emission of p6P and the absorption of 6T from their lowest vibronic state, we determined a mismatch of 0.2 eV of the order of the vibrational relaxation energy of the molecules, resulting in a high probability for resonance-energy transfer between the two molecules.
